ABSTRACT
INTRODUCTION
Under normal glucose or type 2 diabetes conditions, glucose status is mainly influenced by the pathophysiological nature of dysfunctional pancreatic b-cells and increased peripheral insulin resistance 1, 2 . Because insulin resistance is significantly associated with obesity, the risks of developing and aggravating diabetes are in parallel to the degree of excess bodyweight 3 . Until the advent of incretin-based therapy, metformin had been the only glucose-lowering drug that could bring about weight loss in diabetic patients. Glucagon-like peptide-1 (GLP-1) analog, which has shown plenty of evidence of reducing HbA1c levels and bodyweight, has been gaining popularity for its potential pleiotropic effects on cardiovascular disorders, as well as for treatment of type 2 diabetes by modulating multiple glucoregulatory actions, such as increasing insulin secretion in response to glucose levels, suppressing hepatic glucagon action, increasing satiety and so on 4, 5 . Despite this beneficial evidence, GLP-1 analog has the inherent problems of needle injection and gastrointestinal adverse effects, such as nausea, vomiting and diarrhoea. In this regard, balancing the beneficial and adverse effects of GLP-1 analog might be essential for the practical prescription of GLP-1 analog in patients with type 2 diabetes.
However, clinical reports on the clinical efficacy and adverse effects of GLP-1 analog in the Korean population are greatly lacking. Furthermore, there is no report regarding the characteristics of patients who respond adequately to GLP-1 analog therapy in terms of glycated hemoglobin (HbA1c) level reductions and weight loss. Therefore, we analyzed the clinical and metabolic parameters in obese type 2 diabetic patients to characterize patients who are more likely to achieve not only glycaemic reduction, but also weight loss.
METHODS
The present prospective, observational, single-arm (exenatide b.i.d. in combination with both metformin and sulphonylurea [SU] ), open-label study of GLP-1 analog treatment with close monitoring of metabolic parameters and weight changes was carried out for up to 22 weeks. The study protocol was reviewed by the local ethics committees (4-2011-0032 ). All of the participants provided written informed consent, and the study was carried out in accordance with the principles of the Declaration of Helsinki. Inclusion criteria were: patients with type 2 diabetes who were obese (>25 kg/m 2 ) aged 25-75 years with inadequate glycemic control (defined as HbA1c ≥6.5% and ≤10%) on any oral hypoglycemic agents or insulin analogs treatment. We included patients with unchanged treatment regimen for at least 6 months before starting the study. Patients were excluded if they had a recent (≤6 months) significant history of cardiovascular events, including myocardial infarction, unstable angina, moderate to severe congestive heart failure and/or stroke. In addition, patients with a significant history or the presence of hepatic, renal, hematological or gastrointestinal disease, or treatment with a systemic corticosteroid in the past 12 weeks were excluded. Patients received exenatide 5 lg b.i.d. for the first 4 weeks, followed by 10 lg b.i.d. for the remaining 18 weeks while continuing their prestudy metformin and SU dosages; however, previous pioglitazone, a-glucosidase inhibitor, dipeptidyl peptidase 4 (DPP-4) inhibitor and insulin regimens were discontinued. When exenatide was initiated, we changed the regimens to follow the Korean medical insurance reimbursement guideline as described in Methods S1 (Drug Switching Protocol). Clinic visits initially occurred at 8-week intervals, and then at 14-week intervals for the remainder of the study. If HbA1c levels were at or above 7.5% at the first visit after study enrolment, the SU dosage was escalated up to 8 mg of glimepiride and 120 mg gliclazide-modified release. Laboratory measurement and homeostasis model assessment (HOMA) index calculation was followed as described in Methods S1 (Laboratory Measurements).
Effectiveness Assessments
The primary end-point was the change in HbA1c levels and bodyweight from baseline to week 8 and week 22. Other endpoints included fasting plasma glucose (FPG) and fasting lipid concentrations (low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total cholesterol and triglycerides). HbA1c responders (marked as HbA1c[+]) were defined as those who showed negative delta HbA1c values, and weight responders (marked as Wt[+]) were defined as those who showed negative delta bodyweight over 22 weeks of exenatide treatment. Participants who completed the study were classified into three groups according to their reduction in HbA1c level and weight: reduction in both HbA1c level and weight (group I), only HbA1c level reduction (group II) and only weight loss (group III).
Tolerability and Hypoglycemia Assessments
Reasons for discontinuation of the study and treatment-induced adverse events were recorded to assess tolerability and compliance. Monitoring of adverse events, including hypoglycemia, was surveyed by clinical coordination of the Lilly Call Center once a week for 8 weeks, and was voluntarily reported by the participants. In addition, the endocrinologists carried out surveys about the patients' conditions in outpatient clinics during the scheduled visits. A hypoglycemic event was defined as a major episode that required treatment or admission (defined by blood glucose ≤60 mg/dL accompanied by neurological symptoms consistent with hypoglycemia or an episode requiring intervention with intravenous glucose).
Statistical Analysis
All statistical analyses were carried out with PASW statistics software (version 18.0; SPSS Inc., Chicago, IL, USA). Continuous variables with non-normal distributions were expressed as medians (interquartile range [IQR] ). Discrete variables were expressed as percentages using the v 2 -test. Statistical comparisons among groups based on HbA1c level and weight reduction were carried out using the Kruskal-Wallis test. We carried out Friedman's test to detect differences in repeatedly measured variables. Spearman's correlation coefficient was used to determine the relationship between HbA1c level and bodyweight changes, and the continuous variables. Multivariate regression analysis was used to estimate multiple correlations between HbA1c levels or weight changes, and clinical and laboratory risk factors. A variance inflation factor >10 suggests an erroneous model, and was not included in the models. Data with a P-value <0.05 were considered significant. , P = 0.03) and bodyweight (80.0 vs 73 kg, P = 0.026) were statistically different between the groups who completed or withdrew from the study. In the multivariate logistic regression analysis investigating the predictive parameters for the discontinuation of exenatide therapy, no parameter predicted the discontinuation of exenatide therapy in the present study population.
Effects of Exenatide on Glycemia, Weight, Lipid Changes and Events of Major Hypoglycemia A significant reduction in HbA1c level was observed over 22 weeks of exenatide b.i.d. treatment ( Figure 2 ). The median changes in HbA1c from baseline were -0.4% at week 8 and -0.7% at week 22 (both P = 0.001, baseline vs all other timepoints). Overall, the HbA1c target of ≤7% was achieved in 53.4% (39/73) of participants. In addition, significant weight loss was also observed. The median changes in weight from baseline were -2.3 kg at week 8 and -3.0 kg at week 22 (P < 0.001, baseline vs all other time-points). Total cholesterol levels decreased significantly (P < 0.001). No major hypoglycemic episodes as defined in the Methods section occurred during the study period.
Improvements of 52.1, 16.4, and 31.5% were observed in both HbA1c reduction and weight loss (group I), HbA1c only (group II), and weight loss only (group III), respectively, in these populations (Table 1, Figure 3 ). Except for use of insulin (36.8, 41.7, and 82.6% in groups I, II, and III, respectively, P = 0.002) and levels of fasting glucose (127.0, 138.0, and 109.0 mg/dL, respectively, P = 0.037) before study enrolment, there were no significant differences among the groups.
Predictive Independent Parameters to Achieve Optimal Glycemic Control or Weight Reduction with Exenatide in Combination with Metformin and SU Of the 73 participants, the data of basal and stimulated insulin and C-peptide levels within 3 months before initiation of exenatide were available in 50 participants. In 42 participants, serum insulin and C-peptide levels were measured at the initiation of exenatide. Measurement of baseline insulin and C-peptide was not included in the original protocol, and it caused these inconsistent results. Clinical and laboratory characteristics of the participants according to their HbA1c level reduction and weight loss responsiveness at 22 weeks with exenatide b.i.d. are summarized in Tables S2 and S3 . Compared with the HbA1c(+) group, the HbA1c(-) group had significantly lower fasting glucose levels (responders vs non-responders, 128.5 vs 109.0 mg/dL, P = 0.012), a larger proportion of previous insulin users (38.0% vs 82.6%, P < 0.001), higher baseline insulin levels (16.5% vs 32.4%, P < 0.001), higher HOMA of insulin resistance (IR) values (5.67 vs 11.3, P = 0.004), and higher HOMA of b-cell function (b) levels (73.5 vs 331.9, P < 0.001). However, the HbA1c(-) group had significantly lower baseline C-peptide levels (2.31 ng/mL vs 1.36 ng/mL, P < 0.001). In addition, there were no significant differences in clinical characteristics between the Wt(+) group and Wt(-) group. We evaluated the correlation between serum delta HbA1c levels (changes in HbA1c between baseline and week 22), and various demographic and laboratory parameters ( Table 2) . There were significant correlations between delta HbA1c levels and age, initial HbA1c and serum fasting glucose levels, and several insulin secretory parameters, including HOMA-b, basal and stimulated C-peptide levels, and baseline insulin levels. Next, we also evaluated the correlation between serum delta bodyweight values (weight change across 22 weeks), and various demographic and laboratory parameters (Table 2 ). There were significant correlations between delta bodyweight values and serum fasting glucose, HOMA-b, and baseline C-peptide levels.
To investigate the important factors in predicting the likelihood of achieving HbA1c level and weight reductions with exenatide BID in combination with metformin and SU in obese diabetic patients, a multiple regression analysis was carried out ( Table 3) . As described previously in Table 1 , the HbA1c(-) group had a larger proportion of previous insulin users (82.6%). This exogenous insulin administration might have resulted in lower fasting glucose and increased insulin levels, which are associated with significantly higher HOMA-IR and HOMA-b values. In this regard, we included clinically important conventional variables and established parameters that are significantly correlated with delta HbA1c or bodyweight based on Table 2 , and excluded significant factors that are influenced by exogenous insulin therapy, such as insulin and glucose levels. The analysis found C-peptide level to be a significant independent predictor for reduction in HbA1c levels by treatment with exenatide in combination with SU and metformin (b = 0.865, P = 0.018). However, there was no significant association between GLP-1 analog treatment and bodyweight reduction.
We underwent subgroup analysis according to switching method, and included the switching method variable as an adjusting factor. We expected that serum insulin levels would be higher in patients who were previously treated with insulin than in those who were treated with oral hypoglycemic agents (OHA). The present results confirmed this hypothesis, because we found higher levels of insulin, HOMA-b and HOMA-IR, but lower levels of C-peptide in the pre-insulin use group than in the pre-OHA use group (Table S4A) . We classified patients according to previous drug use, as shown in Table 1 . There were no differences in C-peptide levels between the groups (Table S4B) . We also divided the participants into subgroups based on the number of agents, and still did not find significant differences in C-peptide levels between the groups (Table S4C) . Table S5 shows the results of multiple regression analysis after adjusting for switching method. Table 3 and Table S5 showed consistent results.
Regarding the possible correlation between pre-exenatide therapy with OHA, and HbA1c and bodyweight reduction, 35 participants (47.95%) used OHA. Except for two participants (2.7%) who were taking both metformin and pioglitazone, participants taking OHA were dependent on insulin secretagogue, such as SU and DPP-4 inhibitor. To further investigate the predicting factors for bodyweight reduction without improvement of glycemic control, the 73 participants were classified into group III and the remaining groups (group I and II). The During the multivariate logistic regression analysis, weight reduction without improvement of glycemic control was used as a dependent variable, and conventional variables and established parameters that are significantly correlated with delta weight based on Table 2 . such as age, HbA1c, HOMA-b, HOMA-IR, previous treatment of insulin and baseline C-peptide, were entered as independent factors. To avoid the collinearity with HOMA values, baseline insulin level was not included. We found that the baseline C-peptide level was also a significant independent predictor for reduction in bodyweight without improvement of glycemic control by treatment with exenatide in combination with SU and metformin (b = -1.348, P = 0.018).
DISCUSSION
Secretory b-cell dysfunction is a stronger contributing factor than insulin resistance in the development and aggravation of type 2 diabetes, and is known as a traditional characteristic of Korean type 2 diabetics 1, 6, 7 . Recent epidemiological data have also shown that Korean populations with BMI over 25 kg/m 2 had been more prone to morbidity and mortality risk 8, 9 . It is known that Asians generally have a slighter body build and less muscle mass than Caucasians. The World Health Organization recommends that cut-off values in the definition of overweight and obesity should be lower for Asian than for Western popu- . Considering the pathophysiological characteristics and epidemiological trends of type 2 diabetes in the Korean population, we hypothesized that patients who are more obese and have reserved b-cell function would be more likely to respond to GLP-1 analog therapy. Based on this hypothesis, our attention was focused on investigating the expected tolerability/safety and effectiveness, as well as the predictive characteristics of patients who could achieve greater glycemic control and weight reduction with a GLP-1 analog, by comparing indices related to b-cell function and insulin resistance with clinically important conventional parameters, such as duration of diabetes, BMI, pre-study medications and so on.
The present clinical study of obese Korean type 2 diabetics treated with exenatide b.i.d. with a combination of metformin and SU for up to 22 weeks showed two main findings. First, the study presents data on the tolerability, adverse effects and effectiveness of exenatide. Of 110 participants, 35 participants (31.9%) failed to continue on exenatide within 8 weeks (10 participants within 4 weeks, 25 between 5 and 8 weeks) of initiating exenatide b.i.d. treatment, which is a higher failure rate than previous reports carried out in Caucasian populations [10] [11] [12] . Of the 37 participants who withdrew from the study, the reasons for withdrawal included one participant (3.0%) with aggravated hyperglycemia and seven participants (21.2%) who were to reluctant to receive the exenatide injection. The remaining participants mainly withdrew because of gastrointestinal sideeffects, such as nausea, vomiting and diarrhoea, or injection repulsion. Based on this finding, caution should be exercised in treatment with exenatide in patients targeting intensive glycemic control; special attention needs to be paid to the patients' tolerability. However, no additional patients discontinued exenatide after 8 weeks of treatment. Although participants who discontinued the drug were significantly less obese than partici- [11] [12] [13] . The hypoglycemia occurrence rate was lower in the present study than in the AMIGO studies. It might have been caused by a higher dropout rate than the AMIGO studies. Improvement in HbA1c levels and weight loss could be observed during the study period. Similar to a previous short-term study of exenatide b.i.d. used with either metformin, SU or thiazolinedione, and a combination of metformin and SU in a Caucasian population [10] [11] [12] [13] , 68.5% of the participants in the present study achieved a decrease in HbA1c. Despite the lack of a specific diet and exercise program, steady weight reduction (80.0 kg at baseline, 77.7 kg at the first visit and 77.0 kg at the second visit) during the 22-week treatment period was observed in the present study. Of the participants who completed the study, 52.1% (n = 38) lost weight and improved their HbA1c levels. A HbA1c level ≤7% was achieved in 53.4% of participants who completed the study. However, the degree of bodyweight change was not different between those who achieved and did not achieve a HbA1c level ≤7%. In this regard, weight reduction and HbA1c reduction appear to be mutually exclusive in treatment with a GLP-1 analog. With respect to lipid profiles, exenatide treatment was associated with a significant reduction in total cholesterol levels.
Second, the present study tried to provide the predictive characteristics of participants who would achieve a desirable glycemic index and bodyweight reduction. To appropriately evaluate b-cell function, we used two specific indices that reflect insulin secretory capacity in the context of ambient insulin resistance. Among various factors assessed in the present study, age, high glucose parameters (HbA1c, fasting glucose) and b-cell secretory parameters (HOMA-b, fasting and stimulated C-peptide levels, fasting insulin level) were significantly associated with a greater reduction in HbA1c levels with exenatide b.i.d. in combination with both SU and metformin in obese Korean type 2 diabetes patients, as seen in Table 2 . In addition, insulin na€ ıvet e was significantly associated with HbA1c reduction responsiveness in obese Korean type 2 diabetics. This implies that clinical factors are still important in predicting responsiveness to GLP-1 analogs in obese patients with type 2 diabetes. In the present study, delta HbA1c level was negatively associated with HOMA-b and insulin levels, but was positively associated with C-peptide levels. These conflicting data might have been influenced by higher usage of exogenous insulin analogs in the HbA1c(-)group. In this regard, we excluded insulin and glucose levels that might be influenced by exogenous insulin treatment in multiple regression analysis. Contrary to a previous efficacy report on the association of greater HbA1c reduction with insulin sensitivity (HOMA-S) in a Caucasian population 14 , insulin secretory function of C-peptide was associated with an adequate response of patients to GLP-1 analog therapy. However, HOMA-IR, as an independent variable, showed a tendency to influence the improvements of HbA1c in Korean type 2 diabetes patients treated with exenatide. Previous studies have shown that the reduced incretin effect itself and incretin receptor expression are not the primary events in the development of type 2 diabetes, but rather a consequence of the hyperglycemic state 15, 16 . This phenomenon could be associated with suppressed insulin secretory function in type 2 diabetes. In summary, intact insulin secretory function accompanied with less use of exogenous insulin was the predictive parameter for achieving a desirable glycaemic index in Korean patients with type 2 diabetes.
Several recent studies including Korean type 2 diabetics have shown that treatment with GLP-1 analogs and DPP-4 inhibitors enhances pancreatic b-cell function resulting in HbA1c level reductions [17] [18] [19] . Based on these results, we suggest that the addition of a GLP-1 analog might be another option in poorly-controlled Korean diabetic patients who had experienced pancreatic islet failure related to the main pathophysiological mechanism of development and aggravation in type 2 diabetes.
The present study had some limitations. First, this study was designed as an uncontrolled, open-label, single center study, which limits its applicability and clinical relevance to the greater Korean population and to broader clinical practice. Second, not all participants were available for the evaluation of b-cell function and insulin resistance, which could limit the interpretation of predictive characteristics that might apply well to those who were responders to the GLP-1 analog. Third, insulin should have been discontinued before measuring insulin level to exclude exogenous insulin effect, which might confound the interpretation of insulin levels and HOMA values. However, this is the first well-designed and documented study in the analysis and interpretation of GLP-1 analog targeting Korean patients.
In conclusion, exenatide BID in combination with both metformin and SU was an effective option for obese Korean patients with suboptimally controlled type 2 diabetes. Notably, clinical and laboratory parameters, such as insulin na€ ıvet e, and preserved b-cell function, such as C-peptide levels, should be taken into consideration as important factors in the choice of GLP-1 analog when predicting GLP-1 analog response. Further studies are essential to investigate patients who tolerate the GLP-1 analog well.
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